SUMMARY
Twenty-one patients with various heart diseases undergoing the coronary sinus catheterization had myocardial blood flow studies before and during isometric handgrip exercise. At 30% of the maximal voluntary contraction (MVC), handgrip increased both coronary sinus blood flow by 19 .8% and myocardial O2 consumption by 21.0% on the average as compared to those at rest. At 20% of MVC, the increase of the both was slight except for 1 case. The increase in coronary sinus blood flow significantly correlated to the increase of myocardial O2 consumption. Lactate extraction ratio decreased to less than 10% during handgrip in 4 of 19 cases studied despite of normal values at rest. Lactate extraction ratio had significantly positive correlations with coronary sinus blood flow and myocardial O2 consumption during handgrip, while there were not significant ones at rest. It is suggested that isometric handgrip exercise is useful as a stress test for detection of myocardial ischemia in the heart of coronary artery disease. The purpose of this report is to describe the results of measurements of coronary sinus blood flow and lactate metabolism before and during isometric handgrip exercise in patients with heart diseases.
MATERIALS AND METHODS
Twenty-one patients listed in Table I with each other during the exercise as shown in Fig.1 (r=0.532, p<0 .05). The similar relation was obtained between myocardial O2, consumption and myocardial lactate extraction ratio as seen in Fig.2 . It was observed that most of patients with ischemic heart disease or ST depression on ECG tended to shift to lactate production during handgrip exercise.
DISCUSSION
Isometric handgrip exercise increases heart rate and systemic blood pres- In the present study, coronary sinus blood flow increased by 19.8% at 30% of MVC and by 17.6% at 20% of MVC, respectively, although in the latter the increase was not significant. Increases in coronary sinus blood flow significantly correlated with increases in myocardial O2 consumption as shown in Table IV , while these had no significant correlation with the other parameters. It has been reported24),25) that myocardial blood flow and myocardial O2 consumption increase in proportion to heart rate or the product of heart rate and blood pressure during dynamic exercise. The lack of the above-mentioned relations during handgrip exercise seems due to small increase of heart rate as compared to dynamic exercise.
Myocardial lactate extraction ratio showed no significant change during handgrip exercise as a whole. Kivowitz et al2) reported that there was no significant change of lactate extraction ratio during handgrip exercise at 25% of MVC in 5 patients with coronary artery disease although lactate concentration increased in both arterial blood and coronary sinus blood. Nakhjavan et al26) reported myocardial lactate metabolic studies done during pacing tachycardia and isometric handgrip at 30% of MVC. They indicated that isometric handgrip even if performed during pacing tachycardia was not a sensitive test for detection of myocardial lactate abnormality and that the rising level of arterial lactate during isometric handgrip was the most likely mechanism of positive myocardial arteriovenous lactate difference.
There has been no report, to our knowledge, that revealed the relationship between myocardial lactate metabolism and coronary blood flow or myocardial O2 consumption during handgrip exercise. In our study, it is noteworthy that 4 cases showed myocardial lactate production or decreased extraction (less than 10%) during handgrip exercise despite of normal lactate metabolism at rest. It is, furthermore, interesting that there were significant positive correlations between lactate extraction ratio and coronary sinus blood flow and myocardial O2 consumption during handgrip exercise as shown in the right panel of Figs.1 and 2 . These indicate that isometric handgrip exercise induced myocardial ischemia in the cases who could not increase myocardial blood flow during the exercise. Thus, it may be concluded that isometric handgrip exercise is useful as a stress test for disclosing or aggravating myocardial ischemia in the heart.
